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Plastics Materials

0.

FOREWORD

0.1 This Indian Standard ( Part 2/Set .3 ) was adopted by the Indian Standards Institution on 30 March 1981, after the draft finalized by the Packaging Code Sectional Committee has been approved by Marine, Cargo Movement and Packaging Division Council.
0.2 This packaging code is being issued in the following one or more sections: Part 1 Product Ancilliary Packages Packaging Storage Packaging Testing code ( Part P/Set 3 ) deals with the plastic operations and transportation machinery packaging materials materials Part 2 Part 3 Part 4 Part 5 Part 6 Part 7 Part 8 This section materials. of packaging Packaging parts which have

0.3 Plastics are synthetic or man-made materials produced by the application of heat and pressure and which can be formed into objects for Plastic materials are used for a number of purposes, but different uses. their maximum single usage is as a packaging material. 0.4 In this section of the code, plastic materials being currently used are described and both, their properties and their suitability for various This code is, therefore, intended to packaging applications are given. assist the manufacturer of plastic$containers in the choice of plastic suitaA complete list of Indian Standards relating to ble for the different uses. plastics materials and plastic packaging are given in Appendix A.
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IS : 10106 (Part 2/Set 3 ) - 1984 0.4.1 The types and methods
described in Part 4, Section of manufacture of plastic 3 of the packaging code. containers are

0.5 In the preparation of this standard, considerable assistance has been derived from BS 1133 : Section 22 : 1967, Packaging code: Packaging in plastic containers, issued by the British Standards Institution (BSI ).

1. SCOPE
Section ( Part P/Set 3 ) of the packaging code describes the properties and characteristics of plastic materials and lays down guidelines for the choice of plastics suitable for different uses. 2. TERMINOLOGY

1.1 This

2;l For the purpose of this code and IS : 2828-19641_ shall apply.
3. PROPERTIES

the definition

given in IS : 7019-1982*

OF PLASTICS MATERIALS

3.1 Colour - The majority of plastics are available in a full range of colours. Some groups have limitations, for example, the base colour of phenol formaldehyde restricts it to dark colours. Transparent tints are available only in plastics which are transparent in their natural form, for example, acrylics, cellulosics, polycarbonates, unmodified polistyrenes, styrcne acrylonitrile ( SAN ) and polyvinyl chloride ( PVC ).
3.1.1 Toxicity can be used. considerations also influence the choice of pigments which

3.2 Density - Density is defined as mass per unit volume, the units used Plastics materials have a low in this guide being grams per millilitre. Variations of density occur not only between different types of density. plastics, but also between grades of the same type, A notable example of this is in the polythene family where a change in density from 0.91 to 0.96 g/ml, that is, a change of only 0.05 g/ml is associated with significant changes in both rigidity and permeability. Density may be Increased if pigments are added or reduced if the plastics material has cellular structure. 3.3 Mechanical Properties - In selecting a plastics material for a container, due consideration shall be given to the mechanical properties relevant to the conditions of use. Impact resistance and rigidity are most important. *Glossary of terms in plastic and flexible packaging excluding paper (Jirsl reuision ). of terms used in plastic industry.

tGlossary
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IS: 10106 ( Part 2/See 3 ) -1984 3.3.1 Impact Resistance -- This is a measure of the ability of a material Temperature and container design may to withstand mechanical shock. have a considerable in fiuence on impact resistance.
-- This is a measure of the stiffness of a material and is 3.3.2 RigidiQ determined by measuring the -stress required either to produce a given degree of deformation or to result in a specified maximum degree of strain. With thermoplastic materials rigidity decreases with rise in temperature.

3.4

Chemical Resistance

3.4.1 Acids and Alkalis -- Most plastic materials used in the manufacture of containers are resistant to a wide range of acids and alkalis. Advice regarding the suitability of a material shall be obtained from the manufacture er.

3.4.2 Solvents and Oils --It is not possible to generalise on the action of It is therefore necessary to carry organic solvents on plastics materials. out tests where problems may arise. 3.4.2.1 Oils are generally classified into animal, vegetable and mineral, each type having a different effect. In general vegetable oils Essential oils used in perfumery and cause more difficulty in packaging.
cosmetics containers may soften the plastics. Solvents and cause stickiness of the package may also permeate through and affect the print.

3.4.3 Surface Actiue Agents -- Some substances for instance detergents, can cause cracking of certain plastics when stressed either internally or This environmental stress cracking can usually be avoided in externally. practice by selecting grades of material that are more resistant to this phenomenon and by careful design of the container. Before general use, trials shall be made with the complete container under the conditions to be encountered in storage and distribution.

3.4.4

High

Temperatures -- Chemical
temperature.

attack

on

plastics

materiaIs

is

accelerated

at elevated

stability may cause conStability -- Poor dimensional 3.5 Dimensional siderable difficulties in printing, due to inaccurate registration, -and in stacking and handling.
-- The dimensions of a plastics container or 3.5.1 Efect of Humidity closure may vary according to changes in humidity, and in extreme cases, distortion may occur.

3.5.2 Efect of Temperature -- Ail thermoplastics are affected by change in temperature. Some containers become limp as the ambient temperature 4

IS : 10106 ( Part 2/Set 3 ) - 1984 increases. At low temperature some will become brittle. When some containers are kept at an elevated temperature for an extended period, brittleness may also result from loss of plasticizer or from oxidation. When degradation is caused by oxidation, the incorporation of antioxidants minimizes this effect. 3.6 Effect of Light - This is not normally a problem but prolonged exposure to light may cause breakdown of certain plastics due to oxidation and result in loss of clarity, change in colour, brittleness or a surface deposit. These effects can be reduced by the use of suitable additives to the plastics. 3.7 Optical Properties determined by a number cribed in 3.7.1 to 3.7.4. 3.7.1 Gloss - This same way as a mirror, the container. - The optical quality of a plastics container is of factors of which the most important are des-

is the ability of the plastics to reflect light in the and gives a quantitative measure of the `sparkle' of

the proportion of incident 3.7.2 Light Transmission - This indicates There is no direct relationship light that passes through the container. between light transmission and clarity. When protection from light is required suitable pigments and/or other additives may be added to the material. 3.7.3 Haze - Haze is defined as that percentage of transmitted light deviates from an incident bc~tm which, in passing through a specimen, Its measurement is normal to the specimen by forward scattering. designed to correlate with the clarity with which one can see detail of an object on the far side of, though not in contact with, the material. 3.7.4 (See-Through Clarity - This is an expression used to indicate the degree of distortion of a distant object when viewed through the container. Because the container is generally close to the contents of the pack `see-through' clarity is of less importance than haze. 3.8 Water Absorption - Plastic materials may absorb water by direct The amount of water absorbed varies contact or from the atmosphere. with different plastics. In many the effect is negligible, in others swelling may occur. 3.9 Odour and Taste - Plastic packaging containers generally have a low level of odour and taste. Even so, certain sensitive goods may be painted by the plastics or by odour passing through the container from Particular attention must be paid to this problem in other commodities. shelf life experiments should be packaging foodstuffs and cosmetics; Although the basic plastics may be free from odour and undertaken. taste, these may be introduced by unsuitable printing ink and adhesives. 5

IS t 10106 ( Part 2/Set 3 ) - 1984 3.10 Toxicity - Care must be taken with all packaging materials used for foodstuffs, pharmaceutical preparations and toilet preparations, to ensure that there is no harmful contamination. 3.11 Sterilization - A plastic package to hold a sterilized product must be capable of excluding micro-organisms throughout its service life and reliable seals are essential. Sterility may be achieved by heat, chemical agents or radiation and the effectiveness of the package is dependent on the method used. 3.12 Decoration - Decoration plastic article. Surface design ing ways: and information may be formed into a if required may be applied in the follow-

a) Printing - Both flexible and rigid plastics can be printed successfully provided suitable inks are used, although some require pretreatment of the surface for good results. b) Hot stamped - Used where decoration is required. c) Transfers Transfers suitable d) Labelling - Labels priate adhesive. 3.13 Permeability a) Gas - This is a measure of the transmission rate of a gas through a specified thickness of the plastic material under controlled humidity, pressure and temperature conditions. The rate of permeability of a gas through decreases as the thickness increases. b) a plastics material high quality metallic or coloured

for plastic are available.

of paper or film may be applied with an appro-

Water Vopaur - This is a measure of the transmission rate of water vapour through a specified thickness of the plastic material under controlled conditions of humidity, pressure and temperature. permeability, of the plastic the transmission material. rate decreases with

As with gas increase in thickness 4. CHARACTERISTICS

OF MATERIALS

4.0 The selection of the type of plastic for a container depends upon its characteristic properties. The characteristics of different plastic materials in use are given in 4.1 to 4.2. A comparison of the properties of different plastic materials are given in Appendix 13. 4.1 ABS ( Acrylonitrile are tough, rigid and aliphatic hydrocarbons Butadiene Styrene ) resistant to aqueous solutions and essential oils. They are 6 These materials of chemicals, to available only in

IS : 10106 ( Part P/?&c 3 ) - 1984 opaque and translucent forms, and can be fabricated methods applicable to thermoplastics though less readily by most of the than some,

4.2 Acetals - These materials are tough, rigid hard and resistant to most aqueous solutions and to a wide range of organic solvents. Available only in opaque and translucent forms. Their use for packaging applications has hitherto been limited because of their relatively high cost, except in the field of pressure dispensers where their high strength, resistance to creep and low permeability to solvents have led to some speciality applications. 4.3 Acrylics ( PolymethylmethacryIate and Copolymers ) - These materials are rigid and have good dimensional stability. They are resisSome chemicals and tant to most aqueous solutions and some solvents. solvents cause surface crazing but acrylics are less prone to this effect than the polystyrenes. These materials may be colourless and are outstanding for high clarity and do not impart taste or odour. They are more difficult to mould than the polystyrenes and have not found wide applications in packaging although they are sometimes used for decorative containers. 4.4 Cellulose Acetates - These materials are tough and rigid but have relatively poor dimensiona stability and high permeability to water They are always compounded with plasticizers which can, if vapour. necessary, be chosen so as not to affect the good resistance and low permeability to mineral oils and aliphatic hydrocarbons. They have good They are available with high resistance to dilute aqueous solutions. clarity, good gloss and bright colours, and can be fabricated by any of the conventional methods. They find many applications mostly in decorative For further details see IS : 2543-1964* and and presentation packaging. IS : 7166-1974t. 4.5 CAB ( Cellulose Acetate Butyrates ) - These materials have higher impact strength and better dimensional stability but their higher price as compared with cellulose acetates has limited their applications in the packaging industry. 4.6 Cellulose Propionates - Compared with materials have greater toughness, surface hardness lity but their general properties are similar. They for decorative packages in such fields as cosmetics. cellulose acetates these and dimensional stabihave found applications are rigid, They are They are

4.7 Phenolics ( Phenol Formaldehydes ) - These materials resistant to high temperatures and have good surface finish. fairly resistant to moisture, most aqueous solutions and solvents. *Specification for cellulose acetate moulding and extrusion materials. tspecification for cellulose acetate flakes.

7

IS : 10106 ( Part 2/Set 3 ) - 1984 available only in dark opaque colours and are fabricated by compression moulding or one of its variants and require rather long moulding cycles. These materials are mostly used for moulded closures. For further details see IS : 1300-1966*. 4.8 Melamines and Ureaformaldehyde Plastics - These materials are similar in most properties to phenol& but have a full range of colour and are odourless and tasteless but are higher priced. Melamines are more expensive than ureas but they have better resistance to moisture and dimensional stability more akin to the phenolics. Both are used for closures but find limited applications as packages for cosmetics and fancy goods. For further details see IS : 3389-1965t and IS : 3669-19661. 4.9 Nylons ( Polyamides ) - These materials are outstandingly tough with a high softening point which permits heat sterilization. They are resistant to a wide range of solvents and many aqueous solutions, have low permeability to many organic materials but higher moisture permeability. 4.10 Polycarbonates - These materials are very tough with a high softening point which permits heat sterilization. They have low water absorption and good resistance to a wide range of solvents, but are not resistant to alkalis. They have high clarity and good gloss. 4.11 LOW Density Polythenes ( Polyethylenes ) - These materials are tough, semi-flexible and shock resistant and take good surface finish. They have low permeability to moisture and relatively high permeability to solvents and gases. They are resistant to a wide range of materials but are attacked and swollen by many solvents and essential oils. These materials are available in a wide range of translucent and opaque colours. They are easily processed particularly by blow moulding and in.jection moulding, and the low price makes them particularly suitable for a wide ran,ge of packaging applications. In the packaging of detergents and other surfactants, the grade should be carPfully selected to avoid stress cracking. For further details see IS : 3395-1965$. 4.12 Medium ties of these polythenes. Density materials Polythenes ( Polyethylenes ) - The properare intermediate between high and low density

4.13 High Density Polythenes and Copolymers - These materials are more rigid and have a higher softening point than low and medium density polythenes. They have better barrier properties and have better *Specification tspecification ispecification $Specification for phenolic moulding materials ( second w&ion ). for urea-formaldehyde moulding mat&als. for melamine formaldehyde moulding materials. for low density polyethylene materials for moulding and extrusion.
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IS : 10106 ( Part P/Set 3 ) - 1984 resistance to swelling by aliphatic hydrocarbons. The surface finish is poorer than for low density polythenes. Theyare easily processed but injection moulding is a little more difficult than for low density polythenes. They are more expensive than low and medium density polythenes but this may be offset by the use of reduced wall thickness. In the packaging of detergents and other surfactants, the grade should be carefully selected to avoid stress cracking. For further details see IS : 7328-1974". 4.14 Unmodified Polypropylenes - These materials have high resistance to continuons flexing and a higher softening point than high density polythenes but have poorer shock resistance particularly at low temperaThey have good barrier properties and do not suffer from stress tures. cracking; take a good surface finish and process readily. They are slightly more expensive than the high density polythenes, but again this may be offset by the use of thinner walls giving equal rigidity. - These are materials that are being 4.15 Modified Polypropylenes introduced to give increased impact resistance particularly at low temperatures with only marginal reduction in rigidity. 4r16 Unplasticized PVC and Copolymers - These are rigid materials which, without special formulation, have generally low impact resistance, They have good resistance to many solespecially at low temperatures. vents, low oxygen permeability but relatively high moisture permeability. They may contain a proportion of plasticizer. These materials can have good clarity and are available colourless or in a range of colours, sheet is They find many applications in thin walled readily thermo-formed. vacuum formed containers and blown bottles. For further details see IS : 9766-1981f. 4;17 Plasticized PVC and Copolymers - These are the properties of which are determined by the type and plasticizer. These materials can have good clarity The introduction of colourless or in a range of colours. in increased permeability and may introduce problems bility. The major applications of these materials in sachets. flexible materials, proportion of the and are available plasticizers results due to extractapackaging are in

4;18 Unmodified Polystyrenes - These are rigid materials with good They are resistant to aqueous soludimensional stability but are brittle. tions but have poor resistance to solvents and essential oils, some of which They have high transparency and take a good cause surface crazing. *Specification tSpecification for high density polyethylene for flexible PVC compound. materials for moulding and extrusion.
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IS : 10106 ( Part P/Set 3 ) - 1984 surface finish. They can be readily processed and this factor, together with low price, makes them suitable materials for many industrial applications. In the form of the more expensive oriented sheet the impact strength is improved and this material finds applications as formed containers. For further details see IS : 2267-1972*. 4.19 Expanded Polystyrenes - These are polystyrenes which have been expanded to form a cellular structure giving a rigid material light in weight. They have low thermal conductivity and high shock absorption. These materials are used for the packaging of fragile articles, and containers are usually moulded from beads. Sheet, with or without laminated facing is also available, and this may be thermoformed into containers. For further details see IS : 2267-1972". have higher impact 4.20 Toughened Polystyrenes - These materials strength and improved resistance to surface crazing compared with unmodified polystyrene. Ch emical properties are similar to unmodified polystyrene. They find many applications for the packaging of foodstuffs, but for the more delicate products care must be taken to select one of the special grades available to avoid the risk of tainting. For further details see IS : 2267-1972'. 4;21 SAN ( Styrene Acrylonitriles ) - The impact resistance of these materials is intermediate between unmodified and toughened polystyrenes. They have better resistance than polystyrenes to aqueous solutions of acids Their colour and and alkalis, aliphatic hydrocarbons and essential oils. transparency are good and they can be fabricated readily. 4.22 Phenoxy Resins - These materials have high rigidity and impact strength and are dimensionally stable. They are resistant to both acid and alkaline solutions but are softened by many solvents. They can be fabricaPhenoxy resins are transparent ted by any of the conventional methods. and available either colourless or in a range of colours and when moulded can have high clarity and very good gloss. Permeability to oxygen, carbondioxide, water vapour and essential oil flavourings is low and the material itself is low in odour and taste extraction.

*Specification for polystyrene moulding materials (first revision ).
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APPENDIX ( Clause 0.4 )

A

LIST OF INDIAN STANDARDS RELATED TO PLASTICS MATERIALS AND PLASTIC PACKAGING a) Indian IS : Standards on Plastics Materials moulding moulding moulding materials materials materials ( revised ) ( second

867-1963

IS : 1300-1966 IS : 2267-1972 IS : 2508-1977 IS : 2530-1963 IS : 2543-1964 IS : 3371-1980 IS : 3389-1965 IS : 3395-1965 IS : 3669-1966 IS : 3672-1980 IS : 5210-1969 IS : 6307-1971 IS : 6627-1980 IS : 7166-1974 IS : 7188-1974 IS : 7326-1974 IS : 9512-1980 IS : 9766-1981 b) Indian

Methods of test for phenolic Specification for phenolic revision ) Specification sion ) Specification revision ) for polystyrene for low

( jirst revifilms (first and

density

polyethylene moulding moulding

Methods of test for polyethylene polyethylene compounds Specification materials Specification Specification for cellulose acetate

materials and

extrusion

for di-n-butyl phthalate (_/irst revision ) for urea-formaldehyde moulding materials polyetnyelene materials moulding plasticizers sheet plasticizer for

Specification for low density moulding and extrusion Specification rials Specification reuision ) Specification Specification Specification revision ) Specification Methods for melamine for di-octyli

formaldehyde phthalate polystyrene sheets phthalate flakes flakes

mate(Jirst

for high impact for rigid PVC for dimethyl

( jrst

for cellulose

acetate

of test for cellulose acetate

Specification for high density moulding and extrusion Specification Specification for flexible PVC

polyethylene

materials

for

for penzyl butyl phthalate compounds Containers

plasticizer

Standards Method

on Plastics

IS : 2798-1964 IS : 6604-1972

of test for polyethylene

containers ( up to 500 g )

Code for packaging

solid pesticides 11

IS : 10106 ( Part P/Set 3 ) - 1984 IS : 7019-1982 IS : 7394-1974 Glossary of terms in plastic packaging

Specification for high density polyethylene containers ( jerry cans ) for petroleum reserve fuel with nominal volume up to 5 litres Specification for blown polyolefin to 5 litres capacity ) Method of test for compatibility for handling Code of practice plastics of plastic containers containers for pharmaand ophthal( up

IS : 7408-1974 IS : 7551-1975 IS : 7792-1975 IS : 7803 ( Part

plastic containers

1 )-1975 Specification for plastic containers ceutical use : Part 1 Other than parenteral mic preparations

IS : 7803

( Part 2 )-1975 ceutical tions

Specification for plastic containers for pharmause: Part 2 Parenteral and ophthalmic preparafor polyethylene for polyethylene jerry cans foam compounds resis-

IS : 7959-1976 IS : 8688-1977 IS : 8747-1977 IS : 6312-1980 IS : 9738-1981 IS : 9754-1981 c) Related IS : 2828-1964 IS : 7277-1974 IS : 7288-1974

Specification Specification

potable

water bottles stress crack containers

Methods of test for tance of blow-mouldcd Specification of materials Specification

environmental polyethylene

for polyethylene (first revision ) far polyethylene

containers

for the transport purposes for

bags for general

Specification for high density polyethylene containers packing of liquid pesticides ( upto 1 litre capacity ) Standards of terms used in the plastics industry

Indian

Glossary

Code of practice for safe use of polyethylene with foodstuffs, pharmaceutical and drinking

in contact water

Code of practice for safe use of polyvinyl chloride ( PVC ) and its copolymers in contact with foodstuffs, pharmaceuticals and drinking water Code of practice for safe use of styrene polymers tact with foodstuffs, pharmaceuticals and drinking in conwater

IS : 7961-1976 IS : 9833-1981

Classification of pigments and colourants for use in plastic in contact with foodstuffs, pharmaceuticals auc drinking water
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APPENDIX ( Clause 4.0 )
B-l. COMPARISON OF PROPERTIES

B

1.

ABS

(acrylonitrile

1'02 to 10'8 1'41 to 1'43 1'08 to 1'20

c
c c A A-B A B-C B B-C A G D D I) D D D C C u c A-D

A-B c D B-D B-D B-D D D D A A A

A-B A A B-C B-C B-D A A A A-B A D C-D c B

L"W, B A B c c c C B B A A A A B C

UPP,r

c

2.
3.

butadience Acetals
Acrylics

styrene
A-B C

c
A A A NA NA NA

N.\ C c C Nh NA NA

Excellent Fxellmt Cxcell`nt

EXc?llP"t r,xrr,ll~"t Good C""d

Lxcel,rnt ( Fair Good Good rair Good Go< ,d

4. 5. 6.
7.

Cellulore

acetates

L'25 t" 1.32 1'15 to 1'22 I'll3 t" 1.24 1.25 t" 2'00 1`47 1" 1'52 1'4.5 to 2'00 1`09 I" 1'14

c
C

CelllllorP acetate butyratr, Cellulow prop&

c
A A8 A A-B

nate
8. Phenol r"rmaldeh,der Urea Iarmaldehyder ( hlelamine f"rmaldeh,des ) Polyamides ( Nylon ) Palycarbonata Polyethylene ( low density PoJ,cth,lme ( medium Polyethylene density ) Palypropjlene ( Unmodified

Fair Gond G""d

P""r %or Puor

Iluttlrs, c,"wri s, tl,r~r"I"f,,rmr Vials, IWfll I, c/owrtls, tllcrm"r<~r",. Vials, bnttlrr, Cl". sures, thrrm, lurrnr \`iak, hottlra, c,". surc1, thr Im"l"rms Llosares Closurr., bows ianq g""dr ) ( lur

9. 10. II. 12. 13. 14. 15. I.-

1'20 0'91 t"O?I3 ) 0'93 too.94 drnsity ( high ) 0'94 t" 0.9G 0'90 t" 0.91 ) 0'90 t" 0'91

A C C B-C A-B B C c C C C C

n
C C-D D D

A-B A A-B A-B B

Excellent Good Good Good Good

Excallcnt Fair

Good Fair-good

B, A-C c B C A-B D C D (!

Fair Fair Puor

Fail-good Fair-gaod Fair-good

Bottlrs, cl"wcs, fit1111'1111 Jl"ttlr,-, tube, cups, clwKrs, tb<r,n"forms Bortlcs, tubr. cups, cl"llws, thw,""f"rms Dottics, t,>bes. cup<, CI"C"WI, lit"I<ntr, th<~rn,l'h,rms Bottlks, boxes, c,I,,E, fitincrrtr, thrrm"-

(6.
17. IS. 19. 20. 21.

Polypro ylene ( m"&ird and prnpy,rne copolymrra PVC ( UnplaYticized PVC Plaaticizcd )

B-C A-B C-D A D-D

C c1 B B B D A

)
I.35 t" 1'45 1'2" to 1'37 I'ot tu 1.11 1'00 I" 1'10 I'OS to 1'10 Crratrr ll,Zl" 0'01 of rating

) (

Polvrt~rene d&l ) P"lyrt)rene hened ) SAN (styrctw lonitrik ) Brpanded rtyte""

( """I". ( tougacryP"k

A A-11

Nor=

-

Two mrthudr

arz used:

